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METHODS FOR FABRICATING porous membrane. One array includes pirn that are designed 

MICROARRAYS OF BIOLOGICAL SAMPLES w spot i membrane in * suggcred faSnoo. for creating io 

tmy of 9216 spots io a 22x22 cm area (Lchracb « al 

CROSS-REFERENCE TO RELATED 1990). A tmauooo with this approach is that the volume of 

APPUCAJION 5 DNA spotted id eacfa pixel of each array is highly variable. 

tu- t* _ • in addition, the number of arrays thai can be made with t*{± 

Th* application is a conunuauon-in-part of U.S. patent dipping « usually ou.te vnall 

application Ser. No. OS/261388, filed Jun. 17, 1994, and T, r \ ^ , 

now abandoned £° * llen, * ,e Bclbod of creating ordered arrays of nucleic 

"7, 77 * ad sequences is described by Pirruog, et al. (19921 and 

The United States government may have certain rights in Je also by Fodor. ct al. (1991). The method involves svmhe- 

ihc preseoi invenuun pursuant to Grim Nu. HG0O450 sizing different nucieic acid sequences at different discrete 

awarded by the National Institutes of Health. regions of a support. This method employ* cUbume * yD - 

thetic schemes, and is generally limited to relatively short 

FIELD OF THE INVENTION nucleic add sample, e.g^ less than 20 bases A related 

Ttts invention relates to a method and apparatus for " ^ SSllS^^^ ^ 

fabricating microarrays of biological samples forlarge scale JSSS^L ( i ? <fca ^ » * making « 

screening^vs, such as arraysof DNA samples t obeyed by ? NAomo * ^ Uver of 

in DNA hybridization assays for genetic research and diag- o£oSe * ^ * 

nusiic appkcatiun*. * 

20 Nooe of uc methods or devices described in the prior an 

REFERENCES designed for mass fabrication of microarrays character- 

iied by (Q a large number of micro-sized assay regions 

Abouaed, e: at, Journal of AOAC International 77(2) separated by a distance of SO-200 micron* or less; andTiO 

:495-500 (1994). a well*detined amount, typically in the picomole range, of 

Bohlaoder, et al., Genomics 13:1322-1324 (1992). 25 *o*ly»* associated with eacfa region of the array. 

Drmanac, et aU Same* 260:1 649-1 652 (1993). Furthermore, current technology is directed at performing 

Fodor, et aU Science 251:767-773 (1991). *"* aJ !? y * «w •( a lime to a single array or DNA mol- 

Khrapko, et al., DNA Sequence 1375-388 (1991 1 ^uJaL^^- m °* COmmOD **** P«W 

H f ' v U^i; ing DNAbybndaaaons to arrays spotted onto porous mem. 
Kunyama, et al. AN ISFET BIOSENSOR. APPLIED K brane involves sealing the incrobrane T a^astic b« 

S^XK (D °° lld Ed) * Bul!erwonl »- PP- (M*niatas.ctal, 1989) or. rotatmg gl« cyUndir (Robbins 

93-114 (1989). Scientific) with the Ubeled hybridiation probe inside toe 

Lebracb, et al., HYBRIDIZATION FINGERPRINTING IN Mltd chamber. For arrays made on noo-porous surfaces 

GENOME MAPPING AND SEQUENCING, GENOME wch •* • "licmsonpe slide, each array is inculuted with the* 

ANALYSIS, VOL 1 (Da vies andTUgham, Eds.), Cold Spring 35 l*hcled hybridization probe scaled under a covcrslip. These 

Harbor Press, pp. 39-81 (1990). techniques require a separate sealed chamber for each array 

Maniatis, et al., MOLECULAR CLONING, A LABORA- **** mtkes lbc seeing »nd handling of many such 

TORY MANUAL, Cold Spring Harbor Press (1989). irnv » mconvenient and time intensive. 

Nelson, et al„ Nature Genetics 4:11-18 (1993). Abouzied, et al. (1994) describes a method of printing 

Pirrung, et aL. U.S. Pat. No. 5.143-854 (1992Y 40 bo ? 2oa * J lu,cs of antibodies on a nilroceUulose membrane 

riming ^ u.a r no and separaung regions of the membrane with vertical stripes 

Riles, et al. Genencs 134:81-150 (1993). of a hydrophobic material. Each vertical stripTb^ 

Schena, M. et al., Proc. Nat. Acad. Set. USA reacted with a different antigen and the reaction between the 

89:3894-3898 (1992). immobilized antibody and an antigen is detected using a 

Southern, et al. Genomics 13:1008-1017 (1992). «5 standard EUSA ualorimetrie technique. Abouzial** tech. 

niquc makes it possible to screen many one -dimensional 

BACKGROUND OF THE INVENTION simultaneously on a single sheet of nitrocellulose 

meter diameter wells to a porous membrane. A common H»t;*Jc ~r .u. . * r j wmperarure incu- 

Tlw DNA is immobilucd on tbe porous membrane by Porous membranes witfa primed patterns of bvdropbilie/ 

bJung *c moDbrue or wp^g ,, to UV ncK-tiua. Thu is bydropbobic reg io 0 s exist for .pptotions sucb u „K 
. wawl Pn«d»« P«««l for onloog ooc imy it t time w trr.vs of btcterii colonies. OA Life Scieoccs (S« D^o 

sod u«.Uy Itmtted to 96 wmples per trr.y. -Dot-MoT Ulif.) a.»kes sucb . mcmbr.ee with . griST««™ pSoted 

procedures m therefore rn.dcqu.te for .ppiictions in oo it. However, this membrue hts the ^dLovsntie « 

wb^fa ».oy tbousud sutples oust be determined. a.e Ahnwied technique «nce re.genL.cnMlll flowl«rwe" 

A more cfiicieot technique employed for making ordered tbc gridded »rr»j-s making them unusable for separate DNA 

arrays of genomic fragments uses an array of pins dipped 63 hybridization assays. 

into tbe wells, e .g.. the 96 wells of a microtiue plate, for Pall Corporation make a 96-well plate with a porous filter 

iraosfemng an array of samples to a substrate, such as a beat sealed to tbe bottom of tbe plate. These Tplaies are 
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capable of containing different reagents in each well without place the dispensing device at a loading station, (ii) move toe 

cross-contamination. However, each well is intended to bold capillary channel in the device into a selected reagent at the 

only one target clement whereas the invention described loading station, to load the dispensing device with the 

here makes a microarriy of many biomolecules in each reagent, and (iii) dispense the reagent at a defined array 

subdivided region of the solid support. Furthermore, the 96 5 position on each of the supports 00 said bolder. Toe unit may 

well plates art at kast 1 cm thick and prevent the use of the fenbtr al a* end of a dispensing cycle, to wish the 

device for many catorimeuic, fluorescent and radioactive dry ing device by (i) placing the dispensing device at a 

detection formats which require that the membrane lie fiat washing station, (ii) moving the capillary channel in the 

against the detection surface. The invention described here 6evict ml0 a fluid l0 ^ ^ dispensing device with 

requires 00 further processing after the assay step ance the jp ^ ^ ud m nmoviag * e wtah fluid prior l0 

barriers elements are shallow and do not interfere with the ^ ^ a M „ ltclcd reageoL 

detc^on step, mereby greatly ^ ^ ^ ^ 

Hy*eq Curpor.uun has described a method of nuking an 0 f such devices which are carried 00 the arm for 

-array of arrays" on a J^ponnis aobdh support to use wuh differeni analyte assay reagents at selected 

their sequencing by hybndoauon technique. The method u positions. 

described bv Hyseq involves modifying the chemistry of the , — a. - .k. ■ • ■ , ^ ^ 

solid support mortal to form a b>*ropbobic grid pattern * «*« te «"»«» !°f 

where caS subdivided region contains a mieroarray of » surface hiving t nucToarray of at least Iff distinct poly- 

biomolecuies. Hyseq's flat hydrophobic panern does not or polypeptide Copolymers m a surface are. of 

make use of physical blocking as an additional mean* of - *■» about 1 enr. B«h distinct biopolymer (0 is 

preventing cross conummaucm. * ^P 0 ** « ■ se^reu^cfiiicd position in said array, (u) has 

* ^ a length of at least 50 subunits, and (ui) is present ld a 

SUMMARY OF THE INVENTION defined amount berween about 0.1 femtomoles and 100 

The invention includes, in one aspect, a method of form* nanomoks. 
mg a mieroarray of analyte -assay regions on a solid support, In one embodiment, the surface is glass slide surface 
where each region in the array has a known amount of a coated with a polycauonic polymer, such as poly lysine, and 
selected, analyte specific reagent. The method involves first the biopolymcrs are polynucleotides, in another 
loading a solution of a selected analyte -specific reagent in a embodiment, the substrate has a water-impermeable 
reagent-dispensing device having an elongate capillary backing* a watcr*pcnneablc film formed 00 the backing, and 
channel (i) formed by spaced-apan, coextensive elongate a grid formed on the film. The grid is composed of inter- 
members, (ii) adapted to bold a quantity of the reagent ' setting water-impervious grid elements extending from said 
solution and (iii) having a tip region at which aqueous backing to positions raised above tbc surface of said film, 
solution in the channel forms a meniscus. Tbc channel is and partitions the film into a plurality of water-impervious 
preferably formed by a pair of spaced-apart tapered ele* cells. A bi ©polymer amy is formed within each well, 
mcnts. ^ More generally, there is provided a substrate for use in 

The dp of the dispensing device is tapped against a solid ' ririecring binding of labeled polynucleotides to one or more 

support at a defined position on the support surface with an of a plurality different-sequence, immobilized polynuck- 

impulse effective to break the meniscus in the capillary oudes. The substrate includes, in ooe aspect, a glass support, 

channel, and deposit a selected volume of solution on the a coating of a polycationic polymer, such as polylysine, 00 

surface, preferably a selected volume in tbc range 0.01 to ^ said surface of the support, and an array of distinct poty- 

100 nl. The rwo steps arc repeated until the desired array is oucleoudes electrostatically bound noo-covalenily to said 

formed. coating, where each distinct biopolymer is disposed at a 

The method may be practiced in forming a plurality of separate, ilcuoctl posiuoo in a surfaix array of pulynuclc- 

sueh arrays, where the solution-depositing step is applied to o tides. 

a selected position on each of a plurality of solid supports at 4$ \ n another aspect, the substrate includes a water- 
each repeat cycle. impermeable backing, a water-permeable film formed on the 

The dispensing device may be loaded wiih a new solution, backing, and a grid formed on the film, where the grid is 

by the steps of (i) dipping the capillary channel of the device comprised of intersecting water-impervious grid element* 

in a wash solution, (ii*) removing wash solution drawn into extending from the backing to positions raised above the 
the capillary channel, and (iii) dipping the capillary channel ^ surface of the film, forming a plurality of cells. A biopolymer 

into the new reagent solution. array is formed within each cell. 

ALv> included in the invention is an automated apparatus Also forming part of the invention is a method of detect* 

for forming a mieroarray of analyte-assay regions on a ing differential expression of each of a plurality nf genes in 

plurality of solid supports, where each region in the array a first cell type, with respect to expression of the same geoes 
bas a known amount of a selected, aoaJ>ie-specific reagent. 55 in a second cell type. In practicing the method, there is first 

Toe apparatus has a holder for holding, at known positions, produced fluorescent-labeled cDNAs from mRNAs isolated 

a plurality of planar supports, and a reagent dispensing from the rwo cells types, where the cDNAs from the first and 

device of the type described above. second cell types are labeled with first and second different 

The apparatus further includes a positioning structure for fluorescent reporters, 
positioning the dispensing device at a selected array position eo A mixture of the labeled cDN As from the rwo cell types 

with respect to a support in said holder, and a dispensing is added to an array of polynucleotides representing a 

structure for moving the dispensing device into tapping plurality of known genes derived from the two cell types, 

engagement against a wppon with a selected impulse effec- under coed ii ions that result in hybridization of the cDN As to 

hvc to deposit a selected volume on the support, e.g., a complementary -sequence polynucleotides in the array. The 
selected volume in the volume range 0.01 to 100 nl. « array is then examined by fluorescence under fluorescence 

The positioning and dispensing structures are controlled excitation conditions in which (i) polynucleotides in the 

by a control unit in the apparatus. The unit operates 10 (i) amy that are hybridized predominantly to cDNAs derived 
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from ooc of the first or second ceU types give a distinct not DfclAlLHD DESCRIPTION OK THE 

or second fluorescence emission color, respectively, and (ii) INVENTION 
polyoucleotides in lire amy thai arc hybridized to subaao- . Tvr • . 
nadiy coital numbers of cDNAs derived from the first and tteixamons 

second ceU types give a distinct combioed fluorescence 5 Unless indicated otherwise, ibc terms defined below have 
emission color, respectively. The relative expression of * e foDowim i meanings: 

knows genes in the two ceU types can then be determined by "ligand" refers tn one member of a liganoVanti-ligand 
the observed fluorescence emission color of each spoL binding pair. The ligand may be, for example, ooc of the 

These and other objects and features of the invention wfl] °uele»c acid strands in a complementary, bybridaed nucleic 
become more fully apparent when the following detailed JC tcid duplex binding pair, an effector molecule in an effector/ 
dcscnpiitm of the invemitm is rcid in uinjunaion with the receptor binding pair, or ao antigen in an antigen/anribodv or 
accompanying figures. antigen/antibody fragment binding pair. 

The file of this patent contains at least one drawing "AnuMigand" refers to the opposite member of a ligand/ 
executed in color. Copies of this patent with color oawing wtMigand binding pair. The ann-ligand may be the other of 
(s) wfll be provided by the Patent and Trademark Office 35 lhe rnu ^ ei j : «rands in a ummJcmentiry. hyhriUi/xd 
upon request and payment of toe necessary fee. nucleic acid duplex binding pair, the receptor molecule in ao 

effeocr/rtceptor binding pair, or an antibody or antibody 
BKJh> DtSCRIFJION OK TOt DRAWINGS fragment molecule in amigen/antibody or antigen/antibody 

FIG. 1 is a side view of a rtagat-dispensing device fr **° cnt biodmgpair. respectively, 
having a open-capillary dispensing bead constructed for use 20 "Analyic" or **analyie molecule" refers to a molecule, 
in one embodimcot of the invention; typically a macromolecule, such as a polynucleotide or 

FIGS. 2A-2C illustrate steps in the delivery of i fixed- P^yP^P^c, whose presence, amount, and/or identity arc to 
volume bead on a hydrophobic surface employing the dis- determined. The arulytc is mz member of a iigimj/anii- 
pensing bead from FIG. 1, in accordance with one embodi- „ J**™ P*u. 

ment of the method of the invention; 25 "Analyte-specific assay reagent" refers to a molecule 

FIG. 3 shows a portion of a twc-dunensional array of cffcclivc . 10 biod •P'ctfcaUy «> «» analyie molecule. J be 
analvte-aasiy regions constructed according to the method re **f° l °PP OMtt member of a ugand/anii-ligand 

of the invention; binding pa,r. 

FIG. 4 is a planar view showing components of an « J^L"™? ° f rcgkjm> 00 1 * olid "PP 0 "" * a linear or 

automated apparatus for forming arrays in accordance with * J]wtocnsiona3 array of preferably discrete regions, each 

the invention. caving a &mte area, formed on the surface of a solid support. 

FIG. 5 shows a fluorescent image of an actual 20x20 array A . A ^ ao * m ^ f " » m y °* "Pons having a density of 

of 400 fluorcsceotly-labeled DNA samples immobilized on f^lT?^, at least about 100/cm\ and preferably at 

a poly-l-lvane coated slide, where the total area covered by 35 T?* 1 looacnr - The re & 101 » * a microamy have 

the 400 element array is 16 square millimeters; ^ol diffltoaoas, e.g., diameters, in the range of between 

FIG. 6 is a fluorescent image of a u cpdl cm tt^fi ^SXl^ * 

microarray containing lambda clones with veast inserts, the _, . 

fluorescent Kguii arisinc from tbe hybridization to tbc array , * H™"* " ™™ !" hydmphoiw- if . aquemivmediun, 

with approximately half tbe yeast 'genome libeled with t « ^Tt ,pP ^ " S 001 sp ~ d OUI 8ubsl "- 

gmenfl£n*hor*Li meotbe^«"?red^p£re beyond the u« sue of |he .ppli.d dropleL Tlut is. 

, * t , . , u ™ . , "•"^'pnarc, surfice ecB to prevent spreidiiig of the droolei wmlied 10 the 

FIG. 7 show, tbe tr.nsl.non of Ibe bybndaston taage of S urf,«x by hydVophob.c b.cZioc wi« tedB? 

FIG. 6 mo i kiryoiype of toe yeast genome, where the a _ «ropi«. 

ekmentsofFIC. 6 micTamy conuin yla DfUsequences fort^T^T, r V T * Urf,Ct 

. » . , i . 7 » AK tormson the bottom of a liquid in a channel as a remit of the 

that have been previously physically mapped in the yeast 4S surflcc , enfk)D of ^ u ^ d ° f tbe 
genome; 

FIG. 8 shows a fluorescent image of a OS cmxOJ cm feram^eSJT"" * ***** " ^ 

microarr.y of 24 cDNA dune*, where the microarray w« iStl^T ^ J" ^ l*" ber ^ » 

bybridtJsimuluncousry with total cDNA from ^ ryjL 2S^Je2.r ° Q ° f * diffCreDt 

Arabidopsis plant Ubeled witb a green fluorophore and tiS * SSLS ^ h ^ concentrauons of the 

cDNA from a transgenic Arabidopsis pUnYlabe^wTb a ZJT 1 b -P° l y^^. andtor d,ff«m m,x«ur« of 

reA flllftmn hn« ,*TtK. amw J~!i. IIS ,L '^nxi a j ° distinct or diffcrcnt-conccnirauon biopolymcrs. Thus an 

red fiuoropbore, and irx arrow joints to the cDNA clone array of « dislincl polvnucleotides" means ao array 

™ gCDC l0lrodUCtd 1010 to ™*™ Arabi- contiunn^. as its members, ( 0 distinct ££ud^ 

L! P a , . , l l 55 WDICD m * v h|VC ■ defined amouot in each member, (ii) 

^• 9 ^^ P ^^f W0fWte ? ,C , lU ' 1nganarr>y0f graded concentrations of gtven-sequence 

cells formal by bamer elements m tbe form of a grid; polynucleotides, and/or (Hi) different^position mixtures 

FIG. 10 shows ao enlarged plan view of one of tbe cells of two or more distioct polynucleotides, 

in the substrate in FIG. 9. showing ao array of potyouclc- "Cell Type" means a cell from a given source, c g a 

otide regions in the cell; w uasue, or orgtDt or a cell in a given sute of differentiation, 

HG. 11 is ao enlarged sectional view of the substrate in or a cell associated with a given pathology or genetic 

FIG. 9, taken along a section line in that figure; and mikeup. 

FIG. 12 is a scanned image of a 3 cmx3 cm nitrocellulose N. Method of Micmarray Formation 

solid support cootaining four identical arrays of M13 dones This section describes a method of forming a microarrav 

in each of four quadrants, where each quadrant was hybrid- 65 of analytc-assay regions on a solid support or substrate 

aed simultaneously to a different oligonucleotide using an where each region in tbe array has a known amount of a 

open face hybridization method. selected, analyie-specific reagent 
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HG. 1 illustrates, in a partially schematic view, a reagent* and away from tbe substrate surface, malting momentary 

dispensing device 10 useful in practicing ibe method. Toe coouct with the surface, in effect, tapping the bp of the 

device generally includes a reagent dispenser 12 having so dispenser against tbe support surface. The tapping move- 

elongate open capillary channel 14 adapted to hold a quao- scat of tbe tip against tbe surface acts to break the liquid 

dry of tbe reagent solution, such as indicated at 16, as will 5 meniscus in the tip channel bringing the liquid to the tip into 

be' described below. Tbe capillar}' channel is formed by a coouct with tbe support surface. This, in rum, produces a 

pair of spaced -apart, coextensive, elongate members 12a, flowing of tbe liquid into tbe capillary space between the tip 

12b which are tapered toward one another and converge at and the surface, acting to draw liquid out of the dispenser 

a tip or tip region 18 at the lower end of the channel. More channel, as seen in FIG. 2B. 

generally, the open channel is formed by at least two 10 FIG. 2C shows flow of fluid from tbe tip onto tbe support 

elongate, spaced -apart members adapted to bold a quantity surface, which in this case is a bvdropbobic surface. Tbe 

of reagent solutions and having a tip region at which figure illustrates that liquid continue* to flow from tbe 

auucou* solution in the channel forms i meniscus, suich as dispenser onto tbe support surface until it forms a liquid 

tbe concave meniscus illustrated at 20 in FIG. 2A. The bead 32. At a given bead sue, U„ volume, tbe tendency of 

advantages of tbe open channel consmictioo of tbe dispenser 15 liquid to flow onto the surface wiQ be balanced by tbe 

are discussed below. hydrophobic surface interaction of tbe bead with tbe support 

With continued reference to FIG. 1, the dispenser device surface, which acts to limit the total bead area on the surface, 

also includes structure for moving tbe dispenser rapidly and by tbe surface tension of tbe droplet, which tends toward 

toward and away from a support surface, for effecting a given bead curvature. At this point, a given bead volume 

deposition of a known amount of solution in the dispenser od 2C' will nave formed, and continued coouct of the dispenser tip 

a support, as will be described below with reference to FIGS. with the bead, as tbe dispenser tip is being withdrawn, will 

2A-2C. In tbe embodiment shown, this structure includes a have little or no effect on bead volume, 

solenoid 22 which is acthatabk to draw a solenoid piston 24 p or liquid-dispensing on a more hvdrophilic surface the 

rapidly downwardly, then release the piston, e.g., under liquid wiD have less of a tendency to bead, at^ the dispensed 

spring bias, to a normal, raised position, as shown. The » volume will be more sensitive to the total dwell time of tbe 

dispenser is carried on the piston by a connecting member dispenser tip in tbe immediate vicinity of the support 

26, as shown. Tbe just-described moving structure is also surface, e.g., tbe positions illustrated in FIGS. 2B and 2C 

referred to herein as dicing mean* Tor moving the The defied depusiduo volume, U.. bead volume, funned 

denser into ^^^^^^ {ot K by this method is preferably in tbe range 2 pi (picolitcrs) to 

mg a known volume of fluid on the support. * 2nl (naooUters), although volumes as high as 100 nl or more 

"lne dispensing device just described is carried on an arm mt y be dispensed. It will be appreciated that tbe selected 

2* that may be moved either linearly or in an x-y plane to dispensed volume will depend on (i) the "footprint* of the 

position tbe dispenser at a selected deposition position, as dispenser tip, U„ tbe size of the area spanned by the tip. (ii) 

wiH be described. ue hydrophobibry of tbe support surface, and (in) tbe time 

FIGS. 2A-2C illustrate the method of depositing a known of contact with and rate nf withdrawal of the tip from the 

amount of reagent solution in the just-described dispenser on support surface. In addition, bead size may be reduced by 

tbe surface of a solid support, such as tbe support indicated increasing tbe viscosity of the medium, effectively reducing 

at 30. Tbe support is a polymer, glass, or other solid-material the flow time of liquid from tbe Hi«p*rm onto the support 

support having a surface indicated at 31. ^ surface. Tbe drop size may be further constrained by depos- 

In one general embodiment, the surface is a relatively iting the drop in a bydrophilic region surrounded by a 

bydrophilic, ix., wet table surface, such as a surface having hydrophobic grid pattern on tbe support surface, 

native, bound or cuvilently attached charged group*. One In a typical embodiment, the dispenser tip is tapped 

such surface described below is a glass surface having an rapidly against the suppurt surface, with a tutal residence 

absorbed layer of a polycationic polymer, such as poly-1- 4J time in contact with tbe support of less than about 1 msec, 

lysine. and a rate of upward travel from tbe surface of about 10 

In another embodiment, the surface has or is formed to cm/sec. 

have a relatively hydrophobic character, i.e„ one that cauaes Assuming that the bead that forms on contact with tbe 

aqueous medium deposited on the surface to bead. A variety surface is a hemii^iherical bead, with a diameter appro* t- 

of known hydrophobic polymers, such as polystyrene, K . matcly equal to the width of the dispenser tip, as shown in 

polypropylene, ox polyethylene have desired hydrophobic FIG. 2C, tbe volume of the bead formed in relation to 

properties, as do glass and a variety of lubricant or other dispenser rip width (d) is given in Table 1 below. As seen, tbe 

hydrophobic films that may be applied to the support sur- volume of tbe bead ranges between 2 pi to 2 nl as the width 

face. size is increased from about 20 to 200 fitm. 

Initially, tbe dispenser is loaded with a selected anaryte- 35 

specific reagent solution, such as by dipping the dispenser TABLE 1 
tip, after washing, into a solution of tbe reagent, and 
allowing filling by capillary flow into tbe dispenser channel. 
Tbe dispenser is now moved to a selected position with 

respect to a support surface, placing the dispenser tip « 
directly above tbe support-surface position at which the 
reagent is 10 be deposited. This movement takes place with 
the dispenser tip in its raised position, as seen in FIG. 2 A, 

where tbe tip is typically at least several 1-5 mm above tbe At a given tip size, bead volume can be reduced in a 

surface of tbe substrate. a controlled fashion by increasing surface hydrophobicity, 

With the dispenser so positioned, solenoid 22 is now reducing time of coouct of tbe tip with tbe surface, in ere as- 

activated to cause the dispenser tip to move rapidly toward ing rate of movement of the tip away from tbe surface. 
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and'or increasing tbe viscosity of tbe medium. Once tbese Solenoid 76 is under tbe control of a control unit 77 wbose 

parameters are fixed, a selected deposition volume in tbe operation will be described below. Tbe solenoid is also 

desired pi to nl range on be achieved in a reputable referred to herein as dispensing means for movuig tbe device 

fashion. into tapping engagement with a support, when the device is 

After depositing a bead at one selected location on a $ petitioned at a defined amy position with respect to that 

support, tbe tip is typically moved to a corresponding support. 

position on a second support, a droplet is deposiied at that The dispenser device is carried oo an arm 74 which is 

position, and this process is repeated until a liquid droplet of threadedly mounted oo a worm screw 80 driven (routed) io 

tbe reagent faas beeo deposiied ai a selected position on eacb a desired direction by a stepper motor 82 also under tbe 
of a plurality of supports. ic cootrol of unit 77. At its left end in the figure screw 80 is 

Tbe tip is then washed to remove tbe reagent liquid, filled carried in a sleeve 84 for nuiiitm ahcwi the screw «u. At 

with another reagent liquid and this reagent is now deposited its other end, the screw is mounted to tbe drive shah of tbe 

at eacb another array position on eacb of tbe supports. In one stepper motor, which in turn is carried oo a sleeve 86. Tbe 

embodiment, the tip is washed and refilled by tbe steps of (i) dispenser device, worm screw, the two sleeves mounting tbe 

dipping the capillary channel of the device in a wash 15 worm screw, and tbe stepper motor used in moving tbe 

solution, (ii) removing wash solution drawn into tbe capil- device in the V (horizontal) direction in the figure form 

lary cbanneL and (iii) dipping tbe capillary channel into tbe "hat is referred to here collectively as a displacement 

new reagent solution. assembly 86. 

From tbe foregoing, it will be appreciated that the The displacement assembly b constructed to produce 

rweereflt-like, open -capillary dispenser tip provides the 30 precise, micro-range movement is the direoioo of tbe screw, 

advantages that (0 the open channel of the tip facilitates i.e., along an x axis in the figure. In one mode, the assembly 

rapid, efficient washing and drying before reloading tbe tip functions to move the dispenser in x-axis incrementt.baving 

with a new reagent, (ii) passive capillary action can load the a selected distance in tbe range 5-25 fan. In another mode, 

sample directly from a standard micro weD plate while the dispenser unit may be moved in precise x-axis inert- 

retaining sufficient sample m the open capillary reservoir for 25 menu of several microns or more, for positioning tbe 

the printing of numerous arrays, (iii) open capillaries are less doperwer at associated posit ions on adjacent supports, ax 

prone to dogging than closed capillaries, and (iv) open will be described below. 

capillaries do not require a perfectly faced bottom surface The displacement assembly, in tun. is mounted for move- 

for fluid delivery. ment in tbe *y* (vertical) axis of the figure, for positioning 

A portion of a micro amy 36 formed on the surface 38 of * tbe dispenser at a selected y axis position. The structure 

a solid support 40 in accurtlance with tbe method just mounting tbe assembly includes a fixed rod 88 mounted 

described is shown m FIG. 3. The array is formed of a rigidly between a pair of frame bars 90, 92, and a worm 

plurality of analyte-specific reagent regions, such as regions screw 94 mounted for rotation between a pair of frame ban 

42, where each region may include a different analyte- 96, 98. The worm screw is driven (muted) by a stepper 

specific reagent. As indicated above, the diameter of eacb ~ motor 100 which operates under the control of unit 77. Tbe 

region is preferably between about 20-2UU ass. 'J fee spacing motor is mounted on bar 96, as shown, 

between each region and its closest (noo-diagonaQ neighbor, The structure just described, including worm screw 94 

measured from center-tfweenter (indicated at 44), is prefer- tod motor 100, is constructed to produce precise, micio- 

ably in tbe range of about 20-400 m- Thus, for example, an ^ ran ge movement in the direction nf the screw, ix, along a 

array having a center-to-cemer spacing of about 250 y axis in tbe figure. As above, tbe structure functions in ooe 

contains about 40 regions/cm or 1,600 regions/cm*. After mode to move tbe dispenser in v-axis increments having a 

formation of tbe array, the support is treated to evaporate the selected distance in the range 5-250 /<m , and is ■ tccorxl 

liquid of tbe droplet forming each region, to leave a desired mode, to move tbe dispenser in precise y-axis increments of 

array of dried, relatively flat regions. This drying may be ^ several microns (jjui) or more, for positioning tbe dispenser 

done by beating or under vacuum. at associated positions oo adjacent supports. 

In some cases, it is desired to first rebydratc tbe droplets The displacement assembly and structure for moving this 

containing tbe analyte reagents to allow for more time for assembly in tbe y axis are referred to herein collectively as 

adsorption to tbe solid support. It is also possible to spot out positioning means for positioning the dispensing device at a 

the analyte reagents in a humid environment sn that droplets 50 selected array position with respect to a support, 

do not dry until tbe arraying operation is complete. Abolder 102 in the apparatus functions to bold a plurality 

III. Automated Apparatus for Forming Arrays of supnnrts, such « supports 104 on which the micmarnys 

In another aspect, the invenuoo includes an automated of reagent regions are to be formed by tbe apparatus. Tbe 

apparatus for forming an array of analyte -assay regions oo bolder provides a number of recessed slots, such as slot 106, 

a solid support, where each region in tbe array has a known 55 which receive tbe supports, and position them at precise 

amount of a selected, ana iyte specific reagent- selected positions with respect to the frame bars on which 

Tbe apparatus is shown in planar, and partially schematic the dispenser moving means is mounted, 

view in FIG. 4. A dispenser device 72 in tbe apparatus has As noted above, tbe control unit in tbe device functions to 

the basic construction described above with respect to FIG. actuate tbe two stepper motors and dispenser solenoid in a 

1, and includes a dispenser 74 having an open-capillary «c> sequence designed for automated operation of the apparatus 

channel terminating at a tip, substantially as shown in HGS. in forming a selected microarray of reagent regions oo eacb 

1 and 2A-2C. of a plurality of supports. 

Tbe dispenser is mounted in the device for movement Tbe control unit is constructed, according to conventional 

toward and away from a dispensing position at which tbe tip microprocessor cootrol principles, to provide appropriate 

of the dispenser tips a support surface, to dispense a selected 65 signals to each of ibc solenoid and each of the stepper 

volume of reagent solution, as described above. This move- motors, in a given timed sequence and for appropriate 

ment is effected by a solenoid 76 as described above. signalling lime. Tbe construe! ion of the unit, and the settings 
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thai arc selected by the user to achieve a desired amy 'lite construction of substrate is shown cross-sectionally 

pattern, will be understood from the following deschpiioo of in FIG. 11. which is ao enlarged sectional view taken along 

a typical apparatus operation. view hoc 124 in FIG. 9. The substrate includes a water* 

Initially, ooe or more supports are placed in one or more impermeable backing 126, such as a glass slide or rigid 

sk)ts in the bolder. The dispenser is then moved to a posiiioo 5 polymer sheet. Formed on toe surface of the backing is a 

directly above a well (not shown) containing a solution of water-permeable film US. The film is formed of a porous 

the first reageot to be dispensed 00 the supports). The membrane material, wch as nitrocellulose membrane, or a 

dispenser solenoid is actuated now to lower the dispenser lip porous web material, such as a oylon, polypropylene, or 

into this well, causing the capillary channel in the dispenser PVDF porous polymer material The thirknro of the film is 

to fill. Motors 82, 100 are now' actuated to position the 1C preferably between about 10 and 1000 /an. The film may be 

dispenser at a selected array position at the first of the applied to the backing by spraying or coating uncured 

supports. Solenoid auuatiun of the dispenser is then cUcc- material on the backing, or by applying a preformed mem- 

ove to dispense a selected-volume droplet of that reagent at brane to the backing. The backing and film may be obtained 

this location. As noted above, this operation is effective to as a preformed unit from commercial source, eg* a plastic* 

dispense a selected volume preferably between 2 pi and 2 nl backed nitrocellulose film available from Schleicher and 

of toe reagent solution. 15 Schuell Corporation. 

The dispenser is oow moved to the corresponding position with continued reference to FIG. U, the film-covered 

at an adjacent support and a similar volume of the solution ****** » uc «hstrate is partitioned into a desired array of 

is dispensed at this position. The process is repeated until the «J* *7 watewmpermcable grid lines, such as lines 130, 

reagent has been dispensed at this preselected corresponding ^ ^chhavt maraud the film down to the level of the 

portion on each nfrtie supports. * *"£« of * c «■ 

^ere it * desired to dispense a single reagent at more * dttUOOe ^ 100 to 2000 ^ above the him 

than two array positions on a support the ; dispenser may be ^ f n 

moved to different array positions at each support, before uncured or otherwise fiowable resin or elastomer solutioo 

moving the denser to a new support, or solution can be £ ^ aiiow^^ 

dispensed at mmvduaJ posiUons on each support, at one ^ ^ Ha. baS, then ainng or otherwise £££ 

selected position, then the cycle repeated for each new amy pld U*> * tJi ** substnu . 

^ ofiU0& * . . Ooe preferred material for the grid is a fiowable silicone 

To dispense ibe next reagent, the dtfpenser * posiuoned lvlfllbJe ^ c ^ The bimcr material can 

over a wash sohmoo (not shown). and the dispenser Up is K ^ eanMtaJ {hml ^ , 01frow ^ e ( n } ^ 

dipped in and out of this solution unul the reagent soluuoa ^ or BCentBical j^JZ TheVage I moved 

has been subaaaually washed {too the up. Solution can be Mm a ^ so\ii support to prist the barrier elements as 

removal bum Ibe up. .Iter each doping, by vacuum. , ^ IletB- Thc ^ of |mo ^ 

compressed air spray, sponge, or the bice pans of me apvon ud to hm t lhlUow 

The dispenser tip is now dipped in a second reagent well. , 5 waterproof bimtr separating the regions of the solid sup- 

and the filled up is moved to a second selected amy position nan. 

in the first support. Toe process of dispensing reagent at each lo &umfot embodiments, the barrier element can be a 

of the corresponding second -array positions is then earned wai-based material or a tbermoset material such as epoxv. 

out as above. This process is repealed until an entire Ine barrier materia] an also be a UV^mng polymer wtneb 

microarray of reagent solutions on each of the supports has ^ ^ expM ] U) uv light after being printed on 10 the aotid 

been formed. suppon. The barrier material may also be applied to the solid 

FY Microarray Substrate support using printing techniques such as silk-screen print- 

This section describes embodiments of a substrate having ing. The barrier material may also be a heat-seal stamping of 

a microarray of biological polymers carried 00 the substrate the porous solid suppon which seals its pores and forms a 

surface. Subsection A describes a multi<cll substrate, each 45 water-impervious barrier element. Ibe barrier material may 

cell of which contains a microarray, and preferably an also be a shallow grid which is laminated or otherwise 

identical microarray, of distinct biopolymcrs, such as dis- adhered to the solid suppon. 

tinct polynucleotides, formed on a porous surface. Subsec- in addition to plastic-backed nitrocellulose, thc solid 

hon B describes a microarray of distinct polynucleotides suppon can be virtually any porous membrane with or 

bound on a glass slide coated with a polycationic polymer, so without a non-porous backing. Such membranes are readily 

A. Multi-Cell Substrate available from numerous vendors and arc made from nylon, 

FIG. 9 Uliistntes,inpUn view, a subs^ateUO constructed PVDF, polysulfone and the like. In an alternative 

according to thc invention. The substrate has an 8x12 embodiment, the barrier element may also be used to adhere 

rectangular array 112 of cells, such as cells 114, 116, formed the porous membrane to a non-porous backing in addition to 

on the substrate surface. With reference to FIG. 10, each cell, 55 functioning as a barrier to prevent cross contaminatioo of the 

such as cell 114, in turn supports a microarray 118 of distinct assay reagents, 

hwpolymerx, »»ch as polypeptides car polynucleotide* at In an alternative embodiment, the solid suppon can he of 

known, addressable regions of the microarray. Two such a non-porous material. The barrier can be printed either 

regions forming the microarray are indicated at 120, and before or after the microarray of biomolecules is printed 00 

correspond to regions, such as regions 42, forming the ao the solid suppon. 

microarray of distinct biopolymers shown in FIG. 3. As can be appreciated, the cells formed by the grid lines 

Ibe 96-oell array shown in FJG. 9 typically has array and the underlying backing are water-impermeable, having 

dimensions between about 12 and 244 mm in width and 8 side barriers projecting above the porous film in the cells, 

and 400 mm in length, with the cells in the array having Thus, defined-volume samples cao be placed in each well 

width and length dimension of Viz and W the array width and 65 without risk of cross<ooumination with sample material in 

length dimensions, respectively, i.e., between about 1 and 20 adjacent cells. In FIG. U, defined volumes samples, such as 

in width and 1 and 50 mm in length. sample 134, are shown in the cells. 
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As owed above, each well contains a mieroarray of To tons tbe microamy, defined volumes of distinct 

distinct biopolymers. io one gcneraJ embodiment, the polynucleotides are deposited on tbe porvnxr-coated slide 

microarrays in the well are identical arrays of distinct as deserted in Section 0. According to in important feature* 

biopolymers, e.g different sequence polynucleotides. Such of the substrate, the deposited polynucleotides remain bound 

arrays can be formed u accordance with tbe methods s to tbe coated slide surface rjon-covalently when in aqueous 

described in Section II. by depositing a first selected poxy- DMA sample is applied to the nbsmte under conditions 

nucleotide at the same selected mieroarray posiuon is each which allow hybridization of rcporter-labcled polynuclt. 

of the cells, then depositing a second polynucleotide at a otides in the sample to complemenury-sequeocV f«n £ le. 

different mieroarray positioo m each well and ao on until a stranded) polynucleotides is tbe substrate array Tbe method 
complete, idemical mieroanay is formed in each etU. 3 e is iUustrated in Examples 1 and 2. 

In a preferred embodiment, each mieroarray contains To illustrate this feature, a substrate of tbe type iust 

thiMit lCr distinct polynucleotide ur ^peptide bkajwly. described, but having an array of same-seduena 

me ?iS "IS a 1 ? ^ 1 ^ ' ^ k * P»»ynuel«.tidex, w W rnUcd with nuorescem-Ubclcd 

preferred embodiment, the biopolymers to each mieroarray complementary DNA under hybridization conditions After 
region are presentm a defined amount berweeti i about 0.1 J5 washing to remove non-bybridized material the substrate 

femtomoles and 100 nanomoles. Tbe ability to form high- was examined by low-power fluorescence imicrosratw Tbe 

density amys of biopolymers where each region is formed array can be visualized by tbe relatively uniform labeling 

of a well-defined amount of deposited material, can be pattern of tbe array regions 

achieved I in accordance with tbe microaxray.fbnning method In a preferred embodiment, eacb mieroarray contains at 
described id Section IL * least 10> disunct polynucleotide or polypeptide biopolymers 

Also in « preferred embodiment, tbe b^lymers are per surface area of less than about 1 ot™ eKSem 

polymeries having lengths of .1 least about 50 bp. shown in FIG. 5, tbe mieroarray contains 400 reponslTao 

subsumuUy longer than ol^nuekoudcs which can be «r about 16 mm\ w 15x10* regit Wcm^k, in a 

XtZ^rv^^ Pntfened cn *™^ PoiynucleoSes in eacb miooar. 

TT ^ r ^ T x a y 25 ^"Ponare present in a defined amount between about 0.1 

In tbe case of a ^^^^e «my « * «ay femtomoles and 100 naoomoles in tbe case of pohmui. 

procedure, * jmjjU joi^ of & Ubeled DNA probe «mx. otides. As above, tbe ability to form higb<leasitv trm^f 

rare ma standard by^ndizauon solution » loaded onto each this type, where each region is formed of a wtlSefined 

cell. The «»lut«»n will .spread U, ewer the ; enure rmuroarray imount of deposited material, can be achieved in accordance 

and stop at the barrier elements. Tbe sobd support is then » with the microirray-forming method described in Section 11 

mcubated ma humid chamber at tbe appropriate temperature Also io a preferred embodiment, the polynucleotides have 

is required by ""assay- lengths of at least about 50 bp. i.e^ substantially longer than 

Eacb assay may be conducted in an "open-face' format oligonucleotides which can be formed in high -denary arrays 

where no further sealing step is required, since the hybrid- by vinous in situ synthesis schemes, 

izauon solution will be kept prope rty bydrated by tbe water 33 y Utility 

vapor io tbe humid chamber. At tbe conclusion of the " Microarrays of immobilized nucleic acid sequences pre- 

incubation atep. tbe enure solid support containing tbe pared in accordance with tbe invention can be used for lam 

numerous microarrays is rinsed quickly enough to dilute tbe scale bybridizatioo assays m numerous genetic appueauonl 

as^y reagents m thai 00 significant cross contamination including genetic and physical mapping of genomes, wo2 

occurs. The enure solid support is then reacted with dctec- « toring c.r gene expression. DNA sequencing uenctic 

hoo reagents if needed and analyzed using standard diagnosis, genotyping of organisms, and distention of 

calonmetnc, rad»actrve or fluorescent detection means. All DNA reagents to researcbers. 

processing and detection steps are performed simuha- For gene mapping, a gene or a cloned DNA fragment is 

neously to all of the microarrays on the solid support hybridized to an ordered array of DNA fragments and tbe 

ensuring uniform assay conditions for all of the microarrays 45 identity of tbe DNA elements applied to tbe way is unam- 

un the solid support. biguously established by the pixel or partem of pixefc of the 

B. Glass-Slide Polynucleotide Array array thai are detected. One application of such arrays for 

FIG. 5 shows a substrate 136 formed according to another creating a genetic map is described by Nelson, et ai (1993). 

aspect of tbe invention, and intended for use in detecting In constructing physical maps of tbe genome, arrays of 

binding of Ubeled polynucleotides to one or more of a 50 immobilized cloned DNA fragments are bvbridized with 

plurality distinct polynucleotides. Tbe substrate includes a other cloned DNA fragments to establish whether tbe cloned 

glass substrate 138 having formed on its surface, a coating fragments in the probe mixture overlap and are therefore 

of a polycationic polymer, preferably a catirak polypeptide, contiguous to the immobilized clones on the array. For 

such as polyiysine or polyarginine. Formed on the polyca- example. Lebracn. et al. describe such a process, 

tionic coating is a mieroarray 140 of distinct S5 Tbe arrays of immobilized DNA fragments may also be 

polynucleotides, each localized at knows selected amy used for genetic diagnostics. To illustrate, an array contain- 

regions, such as region* 142. ing multiple fcirms of a mutated gene or geno can he pmhed 

Tbe slide is coaled by placing a uniform-thickness film of with a labeled mixture of a patient's DNA which will 

a polycationjc polymer, e.g., poiy-Mysine, on tbe surface of preferentially interact with only one of the immobilized 

a slide and drying tbe film to form a dried coating. Tbe w versions of the gene. 

amount of polycationic polymer added is sufficient to form Tbe detection of this interaction can lead to a medical 

at least a monolayer of polymers on tbe glass surface. 1 be diagnosis. Arrays of immobilized DNA fragments can abo 

polymer film is bound to surface via electrostatic binding be used in DNA probe diagnostics. For example, tbe identity 

between negative silyl-OH groups on tbe surface and of a pathogenic microorganism can be established unam- 

charged amine groups in the polymers. Poly-Hysinc coated gs biguously by hybridizing a sample of the unknown path©- 

glass slides may be obtamedeommerriaUy, e.g., from Sigma gen's DNA to an array containing many types of known 

Qtemical Co. (St Louis. Mo.). pathogenic DNA. A similar technique can also be used for 
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unambiguous genotypisg of any organism. Otbcr molecules The following examples illustrate, but in do way are 

of genetic interest, sucb as cDNAs and RNAs can be intended to limit, the present invention, 

immobilized on tbc array or alternately used as the labeled EXAMPUi 1 

probe mixture that is applied to tbc array. fcAAMixt 

In one application, an array of cDNA dooes representing 5 Gcnomic-Complcxity Hybridization to DNA 

genes is hybridized with total cDNA from an organism to Microarrays Representing the Yeast Saccharvmyca 

monitor gcoe expression for research or dia gn os t ic purposes. ctmisue Genome with Two-Color Fluorescent 

Labeling total cDNA from a normal cell with one color Detection 

fluoronbore and total cDNA from a diseased cell with . . , ^ J 

d^Y«|L id Ibe uoe «r.y of cDNA done! }" 2) pr0duCB «"* 

3TJr the «w„ ItaVvhrnT fawAta. Th* .wk,** « PCR wu performed direct ly on ibe 

' cruDcm «n be ucTtt Booiior g«c czptsioo in £f JS^ «f » "P^non of both 

«ponL to eoSnenud iseios. ATcxTmple of Hut 10 tbt , f »™ **f*»"°» of PCR 

Z^, is ilh»«ied u Example 2. *rated?iih reaped ^ beW "» i^" 1500 """P™ «* 
mt I product was purified using Scpbadex G50 gel filtrauoo 

10 Bv way of example and without implying a limitauoo of P*™**- l"««ny. N J.) and concentrated »>y evapo- 

scope, such a procure could be used to simultaneously a ™ 0D 10 f^Tf " ^J™**"** ^ m ^ L of , lbc , 

sSen many patients against aU known muutions in a ! W c J? 1 ? hfied Umbdl f dooe& was «bydrated » 15 ad of 

o^Sne iLinventio^ 3xSSC 10 F*?*™ 00 for i P olnB * 0010 * c «^ 
example 96 identical 0.9 cmx2.2 cm microarravs fabricated microarrays were fabricated on microscope slides 

on a single 12 cmxl8 cm sbect of plasnc-bacied nitrocel- w,lh • l »X cr nf pnly-My*inc (Sigma). Toe 

rulose where each miooarray could contain, for example, u «*»ated apparatus described in Section III loaded 1 jd of 

100 DNA fragments representing all known mutations of a tbc concentrated lambda clone PCR product in 3xSSC 
nven gene. The region of interest from each of the DNA ^ m * P u ** ^ «P« capilUry 

samples from 96 patients could be amplified, labeled, and clca>cot *° d deposited -5 nl of sample per sbde at 

hybridized to the 96 individual arrays witb each assay 380 micron spacing berweco spots, on each of 40 slide*. Tbe 

performed io 100 microliters of bybridizauoo solution. Tbe x P««« was repeated for all 864 samples and & control spots, 
approximately 1 thick silicone rubber barrier dements * c ^P 0 * 1 "* °f*™oo wts complete, tbe slides were 

beiweeo individual arrays prevent cross^ontaminalion of "bydrated in a humid chamber for 2 hours, baked in a dry 
tbe patient samples by sealing the pores of the nitrocellulose v **uu= 0VtQ * or 2 bours, rinsed to remove unabsorbed 

and by acting as a physical barrier between each miooarray. DNA and then treated with succinic anhydride to reduce 

Tbe solid support cootaining all 96 microarrays assaved with' 25 n£30 ' s P cclfic •daorpuon of tbc labeled hybridization probe to 

tbe 96 patient samples is incubated, rinsed, detected and 106 poly-l-lysine coated glass surface, immediately prior to 

analyzed as a single sheet of material using standard «*• immobilized DNA on tbe array wis denatured in 
radioactive, fluorescent, or colorimetric detection means w » ter 11 ^ for 2 muiulc *- 

(Maniatas, et aL, 1989). Previously, sucb a procedure would For tbc pooled chromosome experiment, tbc 16 chromo- 

involve the handlinjf, pnxxfKing and tracking or MMerisrate *r ««Des of Saccharvmyccs ccrwixac were separated in a 

membranes in 96 separate sealed chambers, Dy processing CHEF agarose gel apparatus (Biorad, Richmond, CabX). 

all 96 arrays as a single sheet of material, significant time The six largest chromosomes were isolated in one gel slice 

and cost savings are possible. and tbe ten smallest chromosomes m a second gel slice. Tbe 

The assay format can be reversed where toe patient or DNA wu recovered using a gel extraction kit (Qiagen, 
organism's DNA is immobilized as the array elements and 45 Cbai*wunb, Calif.) The iwu chromosome pools were rao- 
cach array is bvbridized with a different mutated allele or °«^y amplified id a manner similar to that used for tbc 
genetic marker.'Tbe gridded solid support can also be used target lambda clooes. Following amplification, 5 micro- 
for parallel non-DNA EUSA assays. Furthermore, the g™ns of each of tbe amplified chromosome pools were 
invention allows for the use of all standard detection meth- separately random-pnmcr labeled uang Klcnow polymerase 
ods without tbe need to remove the shallow barrier elements so (Amcrsham, Arlington Heights, 111.) with a lissamine con- 
to carry out the detection step. jugated nucleotide analog (Dupont NEN, Boston, Mass.) for 

In addition to the genetic applications listed above, arrays lhe P 001 containing the six largest chromosome*, and wiih a 

of whole cells, peptides , enzymes, antibodies, antigens, fluorescein conjugated nucleotide analog (BMB) for tbe 

receptors, ligandsf pbo^bolipids, polymers, drug cogener P°°l containing ten smallest chromosomes. The two pools 
preparations or chemical substances can be fabricated by the 55 ***** concentrated using ao ultrafiltration device 

means descrmed in this invention for large scale screening (Am icon, Danvcrv Mass.). 

LSKiyk in medical diagnctaicH, drug disunery, molecular Five micrograms of tbe hybridization probe consisting of 

biology, immunology and toxicology. both chromosome pools in 7.5 pi of IE was denatured in a 

The multi-cell substrate aspect of the invention allows for boiling water bath and then snap cooled on ice. 2.5 ;d of 

tbe rapid and convenient screening of many DNA probes ec coocectraied bybridizauoo soluuoo (SxSSC and 0.1% SDS) 

against many ordered arrays of DNA fragments. This climi- was added and all 10 ^1 transferred to tbe array surface, 

nates the need to handle and detect many individual arrays covered with a cover slip, placed in a custom -built single 

for performing mass screenings for genetic research and slide humidity chamlxr and incubated at 60' for 12 hours, 

diagnostic applications. Numerous microarrays can be fab- The slides were then rinsed at room temperature in O.lxSSC 

rieated on the same solid support and each microarray 65 *nd 0.1% SDS for 5 minutes, cover slipped and scanned, 
reacted witb a different DNA probe while tbe solid support A custom built laser fluorescent scanner was used to 

is processed as a single sheet of material. detect tbe two-color hybridization signals from the l£xl ji 



17 



5,807^22 



18 



«n amy at 20 moon itaolmion. J* .canoed image w« ntaioa m , ^ to 

gnddedand analyzed mug custom image analysis lofnwc. daecuoo of bvbndaauon wis Ln^iL * lnd 

Aher coneaing for opuol awsulk between the fae*. J£Z £22 f TO Tiot E^VJT" 

green hybridization values for etch done oo the array were s 

correlated io the known physical map position of the done Geocs expressed in wild type and the transgenic 

resulting in a computer-generated color karyotype of the Arabidopsis appeared yellow due to equal contrmutions of 

yeast genome. green and red fluoresc en c e to toe final signal Toe dots 

FIG. 6 shows the hybridization pattern of the two enro- difftrenl ******* of 5*"°* indicating various levels of 

mosome pools. A red signal indicates that the lambda clone 3C ga * c ^^«- cDNa dooe repieseniing the inn- 

on the uny surface contains a dosed genomic DNA sea- ' cxprcswl in lhe ir»n*genic line of 

mcnt from one of the six largest yeast chromosomes. A green ^ l ?S opsi ^ 001 delecubl y expressed in wild type 

signal indicates that the lambda done insert comes from one ^ 1 . t, » 0 P Stt » *ppe« •* a red dot (with the arrow pointing to 

of the ten smallest yeast chromosomes. Orange signals »bc prt^crenuil exproaiuo uf the tnmwipuuo 

indicate repetitive sequences which cross hybridized toboth » ^L^.^f ****** Arabidopsa and the 

chromosome pools. Control spots on the amy confirm that , ^7, c ^ ress,0 ° of »* ^ascription factor in the 

the hybridization is specific and reproducible green-labeled wild type Arabidopsis. 

The physical map locations of the geoomic DNA frag- An itK " ,nu 8 c of *e micmarray hybridization format for 

ments contained in each of the clones used as arrav elements ^ ^P^"* 30 studies is the high partial concentration of 

have been previously determined by Olson and ovwnrlcer* 20 tKt cDNA achievable in the 10 microliter hybrid- 

(Riks, ct al), allowing for the automatic generation of the UJUOD reaaion - T** *gb Partial concentnnoo allows for 

color karyotype shown in FIG. 7. The color of a cbromo- tocc ?jw of rare transcripts without the need for PCR 

somal section oo the karyotype corresponds to the color of amplication of the hybridization probe which may bias the 

the array element containing the dooe from that section. The lnie representation of each discrete cDNA species, 
black regions of the karyotype represeot false negative dark 25 Cent expression mudics wich is theNc can he used for 

spots on the array (10%) or regions of the genome not genomics research to discover which eenes are mr ,_ w A 

covered by the Olson clone library (90%). Note that the six wtneb cell types, disease states, deve"^^^ 

Urgest chromosomes are mainly red while the ten smallest environmental conditions. Gene exprtssion^nidiea cuako 

chromosomes are mainly green, thus matching toe original be used for diagnosis of disease bv cmDiricallv r—*\.^ 
CHEF gel isolatiun uf the hybridization probc*Ar«^ * gene expression^ttems to d£asc '^g^ 
red chromosomes containing green spots and vice-versa are 

probably due to spurious sample tracking errors in the EXAMPLE 3 
formation of the original library and in the amplification and 

spotting procedures. Multiplexed Cblorimetric Hybridizstioo on a 

Toe yeas genome arrays have also been probed with G ridded Solid Support 
individual clones or pools of dooes that are fluoresceotly 

labeled for physical mapping purposes. The hybridization A sheet of plastic-backed mtroceliuJose wis gridded with 

signals of these clones to the amy were translated into b4mw elements made from silicone rubber according to the 

pr»iiioi» on the physical map of the yeast genome. description in Section IV- A. The sheet was soaked in 

40 lQxSSC tod Allowed to dry. As sbown m FIG. 12, 192 M13 

EXAMPI£ 2 clones, each with a different yeast inserts were arrayed 400 

Clones with Two-Color Fluorescent Detection quadrant served as . negative control for byb^a^tin 
Tweoty-four clones conuining cDNA inserts from the C>Cb of ^ olbcr <? u »dr»nts wis hybridized 
plant Arabidopsis were amplified using HCK. Sail wis added lumih4DCOUi) ? r ^ * differem oligonudeohde using the 
to the purified PCR products to a final coocentration of °P CD - facc hybridization technology described in Secooo 
3xSSC. The cDNA clones were spotted on polv-UyMne ^ tnl ^ " d ltsl four elements of each array are 
coated microscope slides in a manocr similar to Example 1. jo coouols for 106 caJorimctric dcteaioo step. 
Among the cDNA clones was a done representing a Iran- The oligonucleotides were labeled with fluorescein 
scription factor HAJ4, which bad previously been used to wnjco was detected using an inti-fluorescein antibody con- 
create a transgenic line of the plant Aram'dopsis, in which jugged to alkaline phosphatase that precipitated an NBT/ 
this gene is present at ten times the level found in wild-type BCIP dye on the solid support (Amersham) Perfect matches 
ArabidopsB (Scbena, et aL, 1992). 55 between the bbeled oiigos and the M13 clones resulted in 
Total poly-A mRNA from wfld type Arabidopsis was duk vixiblc «> the naked eye and detected using an 
twilaud using *imlardmelk optical scanner (HP ScanJet II) attached to a personal 
reverse transcrmed into total cDNA. using a fluorescein computer. The hybridization patterns are different in every 
nudeotide analog to label the cDNA product (green <?u*drani indicating that each obgo found several unique 
fluorescence). A similar procedure wis performed with the *> M13 ck,Des lrvm *mong the 192 wiih < perfect ^cqucotx 
transgenic line of Arabidopsis where the transcription factor m,l cb. Note that the open capillary printing tip leaves 
HAJ'4 was inserted into the genome using standard gene <*etecub!e dimples oo the nitrocellulose which can be used 
transfer protocols. cONA copies of mRNA from the traos* 10 "lomaucaUy align and analyze the images, 
genie plant are labeled with a lissamioe nudeotide analog Although the invention has been described with , rt 
red fluon^ccoce). Two mtcrograms of the cDNA products 65 specific -taii*^ 

r^^K ' Plt0t ^ ^ ^ F " d bybridl2Cd V -°" mcKiificaticTm^^ 

to toe cDNA done amy m a 10 microliter hybridization departing from the invention. 
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We claim: 

L A method of forming a microamy of discrete analyte. 
assay regions oo a solid supporu where each discrete region 
in the microamy has a selected, toalytc -specific reagent, 
said method comprising 5 

(a) loading an aqueous soluuoo of a selected asaryte* 
specific reagent in a reagent-dispensing device having 
an elongate capillary channel adapted tn hold a quantity 
of the reagent solution and having a tip region at which 
the solution in the channel forms a meniscus, 

(b) tapping the tip of the dispensing device against a solid 
support at a defined position on the surface, with an 
impulse effective tu break the meniscus in the capillary 
channel and deposit a selected volume between 0.002 
and 2 nl of solution oo the surface, and 

(c) repeating steps (a) and (b) until said microarray is 
formed. 

2. The method of claim 1, wherein the reagents used to 
form the discrete regions in the microarray are distinct 
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nucleic acid strands and wherein steps (a) and (b) are 
repeated until the microarray has about 100 or more discrete 
regions of distinct nudcic acid strands per cm 3 of solid 
support. 

3. The method of claim 1. wherein the reagents used to 
form the discrete regions in the microarray are distinct 
nucleic acid strands and wherein step* (a) and (b) 4fl 
repeated until the microamy has about 1000 or more 
discrete regions of distinct nucleic acid strands per cm* of 
solid support. 

4. The method of claim 2, wherein the channel is open- 
sided. 

5. The method of claim 3, wherein the channel is open* 
sided. 

6. The method of claim 4, wherein the volume is between 
0.002 and 0.25 nl 

7. The method of claim 5, wherein the volume is between 
0.0Q2 and 0.25 nL 
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